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INTRODUCTION 
I n  r e c e n t  yea r s  a g r e a t  d e a l  of e f f o r t  has been devoted t o  
the  i s o l a t i o n ,  i d e n t i f i c a t i o n  and s y n t h e s i s  of var ious  pur ine  
and pyrimidine d e r i v a t i v e s .  The occurrence of compounds of t h i s  
type i n  m e t e o r i t e s  and t e r r e s t r i a l  d e p o s i t s  has been i n v e s t i g a t e d  
because of b i o l o g i c a l  s i g n i f i c a n c e  and p o s s i b l e  r o l e  i n  the  
o r i g i n  of l i f e  (1). Because the q u a n t i t y  of m a t e r i a l  a v a i l a b l e  
i s  o f t e n  very l i m i t e d ,  s p e c i a l i z e d  techniques  f o r  s e p a r a t i o n  and 
d e t e c t i o n  must be used ,  L i m i t e d  v o l a t i l i t y  of these  bases makes 
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gas chromatography an  imprac t i ca l  method. A technique which has 
been h i g h l y  s u c c e s s f u l  i s  t h a t  of paper chromatography. A number 
of s o l v e n t  systems have been descr ibed ( 2 )  f o r  the s e p a r a t i o n  of 
pur ine  and pyrimidine bases by paper chromatography. However, 
t he  s e p a r a t i o n  of complex mixtures of c l o s e l y  r e l a t e d  compounds i s  
o f t e n  incomplete,  and p o s i t i v e  i d e n t i f i c a t i o n  of components may be 
d i f f i c u l t  ( 3 ) .  Comparisons wi th  known compounds must be made, and 
unknown compounds remain u n i d e n t i f i e d .  Combination wi th  ano the r  
technique would be u s e f u l .  The combination of mass spec t romet ry  
wi th  paper  and t h i n  l a y e r  chromatography f o r  o t h e r  types of compounds 
has been suggested but  few experimental  d e t a i l s  are g iven  ( 4 ) .  
We sha l l  d e s c r i b e  a promising technique f o r  s t u d y i n g  pur ine  
and pyrimidine bases  by a combination of mass spec t romet ry  and 
paper chromatography, Mass s p e c t r a  of numerous bases  have been 
publ i shed  r e c e n t l y  ( 5 ) .  I n  genera l  t hese  a r e  c h a r a c t e r i z e d  by 
s imple s p e c t r a  wi th  prominent parent  ions .  Thus, mass spec t romet r i c  
i d e n t i f i c a t i o n  i s  r e l a t i v e l y  simple. 
METHODS 
Mass s p e c t r a  were obtained wi th  a modified ( 6 )  t i m e - o f - f l i g h t  
machine (Bendix Corpora t ion) .  I n  a l l  experiments t he  same chrom- 
a t o g r a p h i c  paper (Whatman 3MM) was used. A l . 1  s o l v e n t  systems t r i e d  
gave s a t i s f a c t o r y  r e s u l t s  except those  wi th  s t r o n g  minera l  a c i d s .  
1. n -bu ty l  a l c o h o l  - a c e t i c  a c i d  - water  (2:1:13 and ( 4 : 1 : 2 )  
2. t - b u t y l  a l c o h o l  - methyl e t h y l  ketone - water - formic a c i d  
(44 : 44 : 10: 0.3 ) 
n-propyl a l c o h o l  - lM NH40H (67:ioo) 3 .  
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Solvent  systems c o n t a i n i n g  2M H C 1  hydrolyzed s o  much paper  t h a t  
s a t i s f a c t o r y  mass s p e c t r a  were not  ob ta ined  u n t i l  samples were 
p u r i f i e d  f u r t h e r  wi th  ano the r  so lven t  system. 
T o  t e s t  procedures a u t h e n t i c  samples of about  one microgram 
were s p o t t e d  on chromatographic paper and developed wi th  a s o l v e n t .  
A f t e r  the  paper was d r i e d  the  bases were l o c a t e d  by t h e i r  
c h a r a c t e r i s t i c  s t r o n g  abso rp t ion  of s h o r t  wave u l t r a - v i o l e t  l i g h t .  
Sec t ions  of i n t e r e s t  were c u t  out,  p laced  on a microscope s l i d e ,  
and e x t r a c t e d  wi th  water or  0.l.M H C 1 .  
hydrochlor ides  gave the same mass s p e c t r a  as the  f r e e  bases p lus  
t h a t  of H C 1 . )  
r ibbons  which were then placed i n t o  the  source  r eg ion  of the mass 
spec t rometer  i n  a p o s i t i o n  c lqse  t o  the  i o n i z i n g  e l e c t r o n  beam ( 6 ) .  
Mass s p e c t r a  were obta ined  as the f i l a m e n t s  were hea ted  e l e c t r i c a l l y  
t o  d i s t i l l  the  samples i n t o  the r eg ion  of the i o n i z i n g  e l e c t r o n s .  
The small h e a t  c a p a c i t y  of the  plat inum r ibbon makes the  temperature  
i n s t a n t l y  respons ive  t o  the  app l i ed  vo l t age .  Memory e f f e c t s  a r e  
a t  a minimum s i n c e  t h e  f i l amen t  c o n t a i n i n g  the  sample i s  much 
warmer than the  immediate surroundings.  Usual ly  twenty or t h i r t y  
mass s p e c t r a  were obta ined  w i t h  an  o s c i l l o g r a p h i c  r eco rde r  while 
t h e  e n t i r e  spectrum was displayed on the  s c r e e n  of an  o s c i l l o s c o p e ,  
(The mass s p e c t r a  of the 
The e x t r a c t s  were evaporated on t o  t h i n  plat inum 
I n  F igu re  1 i s  shown a photograph of a n  o s c i l l o s c o p e  d i s p l a y  
of t he  p r i n c i p l e  peaks i n  the  mass spectrum of xanth ine  ( n o t  
publ i shed  p r e v i o u s l y )  e x t r a c t e d  wi th  0.N H C 1  from a paper  developed 
wi th  n-butanol  - a c e t i c  a c i d  - H20 ( 2 : l : l ) .  
background i n  the  spec t rometer  taken w i t h i n  a second a f t e r  the  
A p i c t u r e  of the 
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f i l a m e n t  c u r r e n t  was turned off  i s  shown a l s o .  It  was i n d i s t i n g u i s h -  
a b l e  from the background before  the sample was heated. The p a r e n t  
i o n  a t  mass 152 i s  s l i g h t l y  higher  t han  the  one a t  mass 109. A t  
h ighe r  f i l amen t  temperatures  mass 54 became prominent a l s o .  The 
spectrum shown was taken with 70-volt e l e c t r o n s  and changed 
l i t t l e  wi th  energy. 
RESULTS AND D I S C U S S I O N  
A p r ' a c t i c a l  t e s t  of the  method i s  i l l u s t r a t e d  i n  F igure  2. 
A s o l u t i o n  con ta in ing  one microgram of each of e i g h t  bases  (adenine ,  
guanine,  c y t o s i n e ,  hypoxanthine, 5-methylcytosine,  thymine, u r a c i l  
and x a n t h i n e }  was s p o t t e d  on paper and developed i n  two dimensions 
wi th  two so lven t  systems under cond i t ions  d e l i b e r a t e l y  chosen t o  
g ive  incomplete s e p a r a t i o n .  Spots produced by a b s o r p t i o n  of 
u l t r a v i o l e t  l i g h t  were out l ined  and numbered. Areas of only s l i g h t  
a b s o r p t i o n  were o u t l i n e d  with dashed l i n e s .  The compounds 
i d e n t i f i e d  mass s p e c t r o m e t r i c a l l y  i n  each a r e a  a r e  given.  
A s o l u t i o n  of a mixture of t he  e i g h t  bases  of Figure 2 
(one microgram each)  was evaporated d i r e c t l y  on a f i l a m e n t  and 
analyzed mass s p e c t r o m e t r i c a l l y .  A computerized d i s p l a y  of a fas t  
scan  mass spectrum i s  shown i n  F igure  3. The p a r e n t  i o n  of each 
base i s  r e a d i l y  d i s c e r n a b l e .  Guanine and xanth ine  are lower than  
o t h e r s  because they  had p a r t i a l l y  p r e c i p i t a t e d  from s o l u t i o n .  Be- 
cause of the  uniqueness of the mass s p e c t r a  and t h e  small samples 
r e q u i r e d ,  p re l imina ry  mass ana lyses  p r i o r  t o  e x t e n s i v e  s e p a r a t i o n s  
may be u s e f u l .  
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I n  g e n e r a l ,  e x c e l l e n t  mass s p e c t r a  were obta ined  f o r  bases 
e x t r a c t e d  from paper  developed w i t h  a v a r i e t y  of s o l v e n t s  ( s o l v e n t s  
w i t h  a 2 M  H C 1  excep ted ) .  Spec t r a  were s u r p r i s i n g l y  f r e e  of 
i n t e r f e r e n c e s .  
observed from s u l p h i t e  contaminants from the  paper .  Occas iona l ly  
t r a c e s  of s o l v e n t s  remained which were d i s t i l l e d  away before  the  
s p e c t r a  of the  bases  appeared.  The respons iveness  of t he  system 
f o r  h e a t i n g  samples pe rmi t t ed  f r a c t i o n a t i o n  from i m p u r i t i e s  whi le  
the  spectrum was observed on the o s c i l l o s c o p e .  
Peaks a t  mass 64 (SO:) and 48 (SO+) were always 
The combination system of paper  chromatography - mass spec t romet ry  
i s  be ing  used s u c c e s s f u l l y  t o  s tudy  s y n t h e t i c  mixtures  of bases  as 
w e l l  as some i s o l a t e d  from n a t u r a l  p roducts .  
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FIGURE CAPTIONS 
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FIG. 1. Bottom.--Mass spectrum of xanth ine  from sample 
e x t r a c t e d  from chromatographic paper .  Top.--Background 
spectrum one second a f t e r  t u rn ing  o f f  sample f i l a m e n t .  
FIG. 2.  Chromatogram of a mixture  of e i g h t  bases .  
I d e n t i f i c a t i o n  of s p o t s  by mass a n a l y s i s  as follows: 1.-thymine, 
2,--adenine, 3 . - -cy tos ine ,  5 methylcytosine,  u r a c i l ,  hypoxanthine,  
4.-xanthine, 5.-no s i g n i f i c a n t  mass s p e c t r a ,  6.-trace guanine,  
7.-guanine. 
FIG. 3. Mass spectrum of a mixture of e i g h t  bases .  
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